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Exchange protein directly activated by cAMP (Epac1) knock-down 
limits cardiomyocytes death during myocardial infarction.
Pierre Sicard, Malik Bisserier, Marion Laudette, Frank Lezoualc’H
Inserm UMR 1048, Institute of Metabolic and Cardiovascular Diseases, 
Toulouse, France
Introduction: Ischemia/reperfusion is accompanied and influenced by per-
turbations of the beta adrenergic receptor pathway and act through diverse 
signaling cascades to modulate cardiac function and remodelling. The Epac-
Rap signaling pathway is a potent regulator of Ca(2+) cycling, cardiac hyper-
trophy, fibrosis. However, their role in determining cell death in the heart 
remains underexplored. Our aim is to better understand the mechanistic role, 
if any, of the alterations in Epac signalling pathway that occur during myo-
cardial infarction leading to contractile dysfunction.
Methods and Results: Myocardial infarction was induced in wild-type 
(WT) versus Epac-1 (KO) littermates by left anterior descending coronary 
artery ligation for 24h. We examined the area at risk by Evans blue and infarct 
size was evaluated by TTC staining. We found the infarct size is significantly 
decreased in the KO mice compared to the WT animals (53% vs 40%, p<0.01) 
despite the same area at risk. Concomitantly, adult cardiomyocytes isolated 
from the KO and WT mice were exposed to hypoxia for 2h, 4h or 6h and cell 
death were determined by Hoechst/Propidium Iodide staining. Our data show 
that hypoxia induced apoptosis/necrosis was prevented in KO mice (32% vs 
24%, p<0.01). In addition, necroptosis activity pathway (Rip1; Caspase 8; 
Caspase 3; Bax) was also reduced in the KO mice.
Conclusion: The lost of Epac-1 confers resistance to ischemic injury, at 
least in part, via limiting cell death pathway in cardiomyocytes. Further 
studies are necessary to unveil the mechanism by which Epac-1 promotes car-
diomyocytes cell death. Epac-1 pharmacological inhibitors seem to be a good 
candidate to limit myocardial infarction injury.
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Gender-specific potential inhibitory role of Ca2+/calmodulin depen-
dent protein kinase phosphatase (CaMKP) in pressure-overloaded 
mouse heart
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Ca2+/calmodulin-dependent protein kinase phosphatase (CaMKP) has 
been proposed as a potent regulator of multifunctional Ca2+/calmodulin-
dependent protein kinases (i.e., CaMKII). The CaMKII-dependent activation 
of myocyte enhancer factor 2 (MEF2) disrupts interactions between MEF2-
histone deacetylases (HDACs), thereby de-repressing downstream gene tran-
scription. Whether CaMKP modulates the CaMKII- MEF2 pathway in the 
heart is unknown. Here, we investigated the molecular and functional conse-
quences of left ventricular (LV) pressure overload in the mouse of both gen-
ders, and in particular we evaluated the expression levels and localization of 
CaMKP and its association with CaMKII-MEF2 signaling. Five week-old 
B6D1/F1 mice of both genders underwent a sham-operation or thoracic aortic 
constriction (TAC). Thirty days later, TAC was associated with pathological 
LV hypertrophy characterized by systolic and diastolic dysfunction. Gene 
expression was assessed by real-time PCR. Fetal gene program re-expression 
comprised increased RNA levels of brain natriuretic peptide and alpha-skeletal 
actin. Mouse hearts of both genders expressed both CaMKP transcript and 
protein. Activation of signalling pathways was studied by Western blot in LV 
lysates or subcellular fractions (nuclear and cytoplasmic). TAC was associated 
with increased CaMKP expression in male LVs whereas it tended to be 
decreased in females. The DNA binding activity of MEF2 was determined by 
spectrophotometry. CaMKP compartmentalization differed according to 
gender. In male TAC mice, nuclear CaMKP was associated with inactive 
CaMKII resulting in less MEF2 activation. In female TAC mice, active 
CaMKII (phospho-CaMKII) detected in the nuclear fraction, was associated 
with a strong MEF2 transcription factor-binding activity. Gender-specific 
CaMKP compartmentalization is associated with CaMKII-mediated MEF2 
activation in pressure-overloaded hearts. Therefore, CaMKP could be consid-
ered as an important novel cellular target for the development of new thera-
peutic strategies for heart diseases.
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Phosphodiesterase type 4 inhibition enhances pro-arrhythmic sponta-
neous Ca2+ waves induced by β-adrenergic stimulation: respective 
role of protein kinase A and Ca2+/calmodulin kinase II
Pierre Bobin, A. Varin, Rodolphe Fischmeister, Grégoire Vandecasteele, 
Jérôme Leroy
UMR S 769, Signalisation & physiopathologie cardiaque, Châtenay-Mala-
bry, France
β-adrenoceptors (β-AR) increase cardiac function by rising cAMP and acti-
vating protein kinase A (PKA) which phosphorylates L-type Ca2+ channels, 
ryanodine receptors (RyR) and phospholamban (PLB). These proteins are also 
targets of Ca2+/calmodulin kinase II (CaMKII), which is also activated upon 
β-AR stimulation. Multiple cyclic nucleotide phosphodiesterases (PDEs) reg-
ulate cAMP, among which the PDE4 family is overriding in rodent heart. We 
and others have shown that PDE4 genetic ablation in mice leads to enhanced 
arrhythmias. Here, we investigated the mechanisms underlying the proar-
rhythmic effects of PDE4 inhibition. Adult rat ventricular myocytes loaded 
with 1μM Fura-2AM were stimulated at 1Hz and Ca2+ transients recorded 
using an Ionoptix® system. Spontaneous calcium waves (SCWs) occurred 
upon non selective β-AR stimulation with isoproterenol (Iso 1nM) during a 
10s pause of electrical stimulation and increased from 0.4±0.3 (n=10) to 
2.3±0.2 SCWs/10s (n=15; p<0.001) in the presence of the specific PDE4 
inhibitor Ro20-1724 (Ro 10μM). Ro also potentiated the positive inotropic 
effect of Iso as well as the sarcoplasmic reticulum (SR) Ca2+ load (n=11; 
p<0.05) and SR Ca2+ leak measured in a 0Na+,0Ca2+ solution ±1mM tetracaine 
(n=11; p<0.001). Ro potentiated Iso-induced phosphorylation of PLB and 
RyR by PKA and CaMKII. PKA inhibition with 10μM H-89 abolished SR 
Ca2+ leak, SCWs and the inotropic effect of Iso±Ro (n=8; p<0.001). The 
CaMKII inhibitor KN-93 (10μM), but not its inactive analogue KN-92, dimin-
ished SCWs by 72% (n=8; p<0.001) and SR Ca2+ leak by 85% (n=16; 
p<0.001) without affecting the inotropic effect of Iso+Ro. Thus, upon β-AR 
stimulation, PDE4 inhibition exerts positive inotropic effect via PKA but 
induces SCWs via both PKA and CaMKII, suggesting the potential use of 
CaMKII inhibitors as an adjunct to PDE inhibition in cardiac diseases to limit 
arrhythmias.
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Cyclic AMP response to β-adrenergic stimulation is strongly depen-
dent on cell confluence in vascular smooth muscle cells
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The influence of cell confluence on β-adrenergic (β-AR) cAMP signal and 
its control by phosphodiesterases (PDE) was investigated in vascular smooth 
muscle cells (SMC). Cultured rat aortic SMC were plated either at low density 
(LD: 3.103 cells/cm2) or high density (HD: 3.104 cells/cm2) corresponding, 
respectively, to non-confluent or confluent cells 2 days later. The cells were 
infected with an adenovirus encoding the fluorescence resonance energy 
transfer (FRET)-based cAMP sensor, Epac2-camps and imaging experiments 
were performed 48 h later. A brief (15 s) application of the β-AR agonist iso-
proterenol (Iso) induced a typical transient FRET signal, with a rapid increase, 
reflecting cAMP production, followed by a return to baseline. The amplitude 
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of response to 10 or 100 nM Iso was higher in HD than LD cells, but the 
kinetics were similar. A β1-AR antagonist (CGP 20712, 100 nM) reduced the 
Iso (100 nM) response in HD but not LD cells. However, a β2-AR antagonist 
(ICI 118551, 5 nM) reduced the response in both conditions. To evaluate 
whether the absence of β1-AR response in LD cells was due to an increased 
PDE activity, we used the non-selective PDE inhibitor IBMX (100 μM). In 
LD cells pretreated with IBMX, the Iso response was maintained even after 
Iso washout, showing that the recovery phase is due to cAMP hydrolysis. 
However, CGP 20712 still did not alter the Iso response. PDE4 inhibition with 
Ro-20-1724 (10 μM) strongly prolonged Iso (10 nM) response in LD and HD 
cells, whereas PDE3 inhibition with cilostamide (1 μM) potentiated Iso 
response in LD cells but had no effect in HD cells, even at a 100 nM Iso 
concentration. We conclude that in HD cells, Iso response involves both β1- 
and β2-AR stimulation and is controlled by PDE4 but not PDE3, whereas in 
LD cells, Iso response involves only β2-AR stimulation and is controlled by 
both PDE3 and PDE4. Thus, β-AR-mediated cAMP signal in vascular SMC 
is strongly dependent on the confluence of the cells.
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Control of cytoplasmic and nuclear PKA activity by β1- and β2-adre-
noceptors in cardiac myocytes: role of phosphodiesterases
Ibrahim Bedioune, Gregoire Vandecasteele
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β1- and β2-adrenoceptors (β-AR) increase cAMP and activate cAMP-
dependant protein kinase (PKA) to regulate cardiac contraction and gene 
expression. Functional differences between β1-AR and β2-AR stimulations are 
attributed to spatial confinement of β2-AR signalling and differential coupling 
to cAMP degradation by phosphodiesterases (PDEs). Here, we compared β1-
AR and β2-AR activation of PKA in the cytoplasm and the nucleus of adult 
rat ventricular myocytes (ARVMs) using adenovirally encoded A-kinase 
activity reporter (AKAR) based on fluorescence resonance energy transfer 
(FRET) and targeted to these compartments. Isoprenaline (Iso, 10nM) was 
used in combination with the β2-AR antagonist ICI118551 (ICI, 10nM) or 
with the β1-AR antagonist CGP20712A (100nM) for specific β1-AR or β2-AR 
stimulation. β1-AR stimulation strongly activated PKA in both compartments, 
but PKA activation was delayed and reduced in the nucleus (+17±2%, t1/
2on=1,7±0,1 min, n=21) compared to the cytoplasm (+35±2%, t1/2on=0,6±0,1 
min, n=15). β2-AR stimulation induced a small increase in PKA activity only 
in the cytoplasm (+8,8±1%, n=24, p<0.05). β1-AR stimulation with 1 nM Iso 
+ 10nM ICI led to a similar degree of cytoplasmic PKA activation as β2-AR 
stimulation but increased nuclear PKA activity (+3,6±0,5%, n=28, p<0.05). 
PDE3 inhibition with Cilostamide (Cil, 1μM) potentiated PKA activation by 
β1-AR (1 nM Iso) in the cytoplasm and the nucleus, and by β2-AR in the cyto-
plasm, but failed to reveal β2-AR response in the nucleus. PDE4 inhibition 
with Ro-201724 (Ro, 10μM) potentiated β1-AR (1 nM Iso) response in the 
cytoplasm and the nucleus, increased β2-AR responses in the cytoplasm and 
revealed β2-AR dependent nuclear PKA activation. These results show that β1-
AR and β2-AR stimulation differently impact on cytoplasmic and nuclear PKA 
activity and that PDE4 is important to prevent nuclear PKA activation under 
β2-AR stimulation.
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In vitro study of nucleotide adenylic compartmentation in the four 
cardiac chambers
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Balance between energy supply and demand is finely tuned in heart. In 
beating heart, intrinsic homeostasis depends on the parallel activation of both 
modules. Here we used the in vitro approach recently introduced in the Insti-
tute (the permeabilized skinned fiber) to study energetics of the four different 
cardiac chambers (right and left atria, right and left ventricles) in order to evi-
dence local differences in the energetics regulation.
Using high-resolution oxygraphy, mitochondrial function was quantified 
and apparent affinities of mitochondrial respiration for added ADP and ATP 
were obtained in absence or not of 25μM-blebbistatin (myosin ATPase inhi-
bitor). Measurement of ATP hydrolysis by spectrofluorometry was also exper-
imented in presence or not of blebbistatin after inhibition of mitochondrial 
oxidative phosphorylation (oligomycin, ATP synthase inhibitor) and respira-
tory chain inhibitor (rotenone).
Apparent affinities of mitochondrial oxidative phosphorylation for ADP 
were significantly higher in ventricles compared to atria. Presence of blebbi-
statin induced a significant increase in the affinity in left atrium, underlining 
the small mitochondrial sensitivity to ADP in the case of myosin ATPase inhi-
bition. Blebbistatin addition under condition of mitochondrial inhibition 
induced a 50% inhibition of ATP hydrolysis in the left ventricle defining an 
interesting specific regulation in this compartment.
We conclude on the hypothesis of different “channeling” mechanisms 
between energy supply and energy demand in each cardiac compartments. Our 
results clearly show a weaker adaptability in energy regulation in the left 
atrium compared to the left ventricle. A model of failing rat heart is now under 
study in order to explore the implication of nucleotide adenylic compartimen-
tation on pathological electric instability.
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